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In this meeting, we will be focused on design issues in summative assessment to prepare for the in-person
work in Laramie later this month. In preparation for the webinar, please find attached three documents for pre-
reading. For the last meeting, we asked you to do some background reading to prepare you for the discussion
on summative assessment, but those readings featured only somewhat in the discussion. This time, our
presentation will be focused closely on the three readings below, and will expand on them.

1. Intuitive Test Theory

This article compares understanding of educational assessment to understanding of physics. It starts
with an explanation of intuitive versus scientific physics, showing how most people employ an intuitive
theory of physics that generally explains everyday phenomena, while experts employ a very different
theory to understand complex phenomena. Test theory is similar. Intuitive test theory works in general
for everyday educational situations, but the more complex and the more high stakes testing becomes,
that intuitive theory breaks down with considerable consequences.

2. Assessment Triangle

This excerpt from Pellegrino’s addresses a (slightly exaggerated) need to move away from 19th
century psychology in the way we design, implement, and interpret the results of assessment in terms
of effectively tying together how we think about student learning, how we make observations to support
conclusions about student learning, and how we interpret those observations to make those
conclusions.

3. Michigan Common Core Assessment Options Report.

Last time we asked you to review this document to become familiar with potential formats for
evaluating existing assessments and to become familiar with some of the available options. This time,
we would like you to reread just the text of the reports (don’t worry about the results) with the goal of
becoming familiar with the kind of design considerations that are important. This is not a complete list
of important design considerations, but it will give you an introduction to why design considerations are
important.






of least action and admit to a rigorous rendering in differ-
ential calculus, whereas little Jimmy’s story is that the rock
wanted to get back down to the ground where it belongs.
The point is that people construct plausible stories for ac-
tions and events based on what they’ve experienced them-
selves and on what they’ve picked up, however loosely or
informally, from the culture around them.

The Gardner quote highlights two other aspects of these
narratives. The first is their tendency to persist, even in the
face of evidence to the contrary or confrontation with meth-
ods of analysis that are much more powerful. Bruner makes
the same point with respect to what he calls “folk psychol-
ogy.” He defines folk psychology as a system by which peo-
ple organize their experience in, knowledge about, and trans-
actions with the social world. We learn our culture’s folk
psychology along with its language and norms of social be-
havior. Bruner asserts, “Folk psychology changes but is not
displaced by scientific psychology.” It is the persistence of
these narratives (say, in physics) that can be so frustrating
for teachers.

The second aspect of these stories is that expertise is often
very narrowly focused. That is, outside one’s area of spe-
cialized training, it is uncommon to do much better than
a 5-year-old. Indeed, the situation may be even more dire.
In a now classic study, the psychologists Amos Tversky and
Daniel Kahneman questioned a large number of research
psychologists on various aspects of probability and statis-
tics (the design of experiments and the interpretation of the
results) that would ordinarily be relevant to their work.
Surprisingly, a majority of the respondents harbored naive
(and incorrect) beliefs that, presumably, influenced how
they conducted their research.’

What is true of psychology or physics is true of just about
every discipline you can think of. It is also true, we will ar-
gue, in educational assessment. Before we begin to explore
this, our own field, we will examine briefly how people who
are not experts in physics think about physical phenomena.
This “intuitive physics” is a set of basic premises about how
the world works. It consists of story elements or subplots,
as it were, called phenomenological primitives (or p-prims,
for short), a term coined by psychologist Andrea diSessa.
These p-prims are primitive notions in the sense that they
“stand without significant explanatory substructure or ex-
planation.”* And just as the idea of p-prims can help ex-
plain most people’s understanding of the physical world,
so too can p-prims help us explain the “intuitive test theo-
ry” that nonexperts use to explain the world of assessment.

Perhaps it is not surprising that such p-prims — and the
narratives in which they are embedded — work well enough
for most situations in our everyday lives. After all, they are
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grounded in the experiences of many people over many,
many years. They can lead to trouble, though, when employed
in situations that lie outside their range, in which case ex-
pert models are indispensable. Unfortunately, unlike pre-
scription drugs, p-prims (in physics or other disciplines) are
usually not accompanied by warning labels with contra-
indications for use. In a fast-changing world, it is increasingly
likely that we will find ourselves relying on p-prims that are
not up to the task.

INTUITIVE PHYSICS

One consequence of the “cognitive revolution” in psy-
chology that began in the 1960s was a closer look at how
people develop expertise in real-life activities as varied as
radiology, writing, chess, and volleyball. A significant find-
ing across domains is that experts don’t simply know more
facts than novices — although they usually do — but that
they also organize what they know around deeper princi-
ples and relationships. The knowledge novices have is more
fragmented and is related to particular situations or organ-
ized around surface features of problems.

For example, Micki Chi, Paul Feltovich, and Robert Glaser
asked expert physicists and novices to sort a number of prob-
lems into groups. The novices produced piles of spring prob-
lems, pulley problems, and inclined-plane problems. The
experts produced piles associated with equilibrium, New-
ton’s third law, and the conservation of energy, each con-
taining some spring problems, some pulley problems, and
some inclined-plane problems. The experts’ categorization
leads directly to solution strategies for the problems.

When diSessa introduced the term “p-prims” in 1983,
it was expressly to explain nonexperts’ ways of reasoning
about physics. Familiar examples of such p-prims are “Heavy
objects fall faster than light objects,” “Things bounce be-
cause they are ‘springy,’” and “Continuing force is needed
for continuing motion.” These physical p-prims are based
on our everyday experience. A box moves when we push
it, and it stops moving when we stop pushing. Cannon
balls really do fall faster than feathers. Physicists know this,
of course, but, when necessary, they can appeal to a deeper
level of explanation, to the more sophisticated primitives of
scientific physics. The distinguishing feature of intuitive phys-
ics (or intuitive reasoning in any field) is that the p-prims
are the bottom line. For nonexperts, they are the final ex-
planation. In other words, sometimes we just have to say,
“Well, that's just the way it is.”

Some of the p-prims of intuitive physics use such words
as force, energy, and momentum, a legacy of the general
culture or of a physics class taken long ago. But the terms



are not employed in the same way that experts use them.
Nonexperts don't sort concepts in the same ways as experts
or embed them in the same web of qualitative and quanti-
tative relationships. A set of p-prims is not a coherent sys-
tem, and a person’s set of p-prims can easily contain some
that contradict others. They are employed to reason about
physical situations, and a model of sorts is assembled to
address a given situation. The surface features of a situation
tend to elicit some p-prims but not others, so a person’s in-
tuitive models can be quite different for two situations that
are formally equivalent.

The surprising thing is how well they work for guiding ev-
eryday action. You can think you are imparting a substance
called “impetus” to the tennis ball when you throw it for
your dog. The ball flies until the impetus wears off. You esti-
mate how much of this substance you want to impart to the
ball and gauge your throw accordingly — and, by golly, the
ball goes where you want it to. Your impetus theory is wrong,
but neither you, nor the dog, nor the ball knows this, and
the job gets done just fine.

Intuitive physics works well enough for playing catch
with your dog or for building a birdhouse. But it doesn’t
work for constructing a bridge or shooting a rocket to the
moon. One aspect of becoming an expert in physics is learn-
ing more sophisticated ways of thinking, but another is know-
ing when you need to use them, and yet another is recog-
nizing when they fail. (Science is also about telling stories,
but they are stories that submit to reality checks.) In scien-
tific physics, concepts and relationships that may be non-
intuitive, or even counterintuitive, can be brought to bear
on familiar and unfamiliar situations alike. Individuals fac-
ing challenges that lie outside everyday experience ignore
scientific physics at their peril.

SCIENTIFIC TEST THEORY

To Americans who go to school or hold jobs in the 21st
century, taking tests is an experience nearly as familiar as
pushing boxes or watching things fall. So we need to tell
stories about tests — their purposes, their construction, our
performances on them — and we need concepts to do so.
Below, we will briefly sketch how experts in assessment think
about these aspects of tests. But unless you are an expert
in assessment, it is probably not the way you think about
them. Indeed, some of the ideas may be quite foreign to
you.

A scientific approach to assessment recognizes that, fun-
damentally, assessment isn’t about items and scores. These
are more like the springs and pulleys of testing. Rather, as-
sessment is a special kind of evidentiary argument. Assess-

ment is about reasoning from a handful of particular things
students say, do, or make, to more broadly cast inferences
about what they know, have accomplished, or are apt to
do in the future.® :

The starting point for an application of scientific test the-
ory is a clear understanding of the purpose of the assess-
ment and a perspective on the nature of the knowledge or
skills that are the focus of attention. Next is the link be-
tween this view of knowledge and skills, which you can’t
see, to things that you can see — right and wrong answers,
problem-solving steps, justifications for building designs,
or comparisons of characters in two novels in terms of trans-
action theory, to cite just a few examples. This analysis re-
solves into making a case, in light of the purpose of the as-
sessment, for what is meaningful in a student’s performance
and why. A rationale is also required for the kinds of assign-
ments or challenges that will elicit the evidence to sup-
port the intended inferences about students. Conceptual
links connect tasks to student performances to judgments
about what they know and can do. These are the testing
counterparts of Newton’s laws.

Now, Newton’s laws of motion are deterministic. That
is, given a complete description of an object (e.g., its mass,
current position, and velocity), we can calculate exactly the
effect on its motion of an application of a particular force.
In test theory, we can formulate a student model that de-
scribes one or more aspects of a student’s knowledge or
skills. Since the components of the student model cannot
be observed directly, we have to use probability theory to
express our beliefs about the likely values of these com-
ponents. As we accumulate more data about the student,
we can employ the calculus of probabilities to update our
beliefs.

The use of probability-based models to describe what
we know, and what we don’t know, about a student is a
key tool in scientific assessment. It provides a quantitative
basis for planning test configurations, calculating the ac-
curacy and reliability of the measurement process, figuring
out how many tasks or raters we need to be sufficiently sure
about the appropriateness of decisions based on test scores,
or monitoring the quality of large-scale assessment systems.
We can also apply the tools of probability to new kinds of
testing processes, such as ones that select discrete tasks to
present to individual students in light of how well they are
doing or their instructional backgrounds, or computer-based
tests of problem solving in which the problem itself evolves
in response to the student’s actions. These probability mod-
els and their essential role in reasoning are all but unknown
to the nonexpert.

It is worth pointing out that the use of probability models
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to manage information doesn't restrict the kinds of knowl-
edge and skills we can model. While psychometrics arose
around 1900 with the goal of measuring traits such as intel-
ligence, the same modeling approach can be applied with
all kinds of psychological perspectives and all kinds of data.
The variables in the student model can be many or few;
they can be measures or categories; they can concern knowl-
edge, procedures, strategies, or attunement to social situa-
tions; they can be as coarse as “verbal reasoning” or as fine-
grained as “being able to describe playground situations
in terms of Newton’s laws.”

What is observed and how it is modeled and evaluated
will depend partly on a psychological perspective and part-
ly on the job at hand. Designing an assessment is like build-
ing a bridge. The evidentiary arguments and the probability
models are like Newton’s laws in that you have to get them
right or the entire structure will collapse. But they aren’t suf-
ficient to determine the project. In architecture and engi-
neering, decisions about location, materials, and various fea-
tures of the design are strongly influenced by the resources
available, by the situational constraints, and by the needs
of the clients. Similar processes are at work in measure-
ment.

The typical classroom teacher brings to bear little if any
of this machinery in constructing, analyzing, and drawing
inferences from Friday’s math quiz. Usually, this is perfect-
ly fine and appropriate to the purpose and the context. As-
sessment practices have evolved into familiar forms of test-
ing that often work well enough in common situations. The
principles that account for why they work in the situations

“I can’t talk now. I’'m in a meeting.”
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for which they evolved are there — invisible but built into
the pieces that we can see. Popular conceptions of how and
why familiar tests work hold the same ontological status as
impetus theory — dead wrong in the main, but close enough
to guide everyday work in familiar settings. It is when we
move beyond the familiar that these notions can betray us.

P-PRIMS UNDER SCRUTINY

Let us now consider a number of p-prims of test theory.
Just as in intuitive physics, these are the underpinnings of
the view of testing held by many nonexperts. Our goal is
to use the insights of scientific test theory to begin to un-
derstand how these beliefs might have arisen and in which
situations they can break down. In what follows, we some-
times use the phrase “drop-from-the-sky” to describe a test
— by which we mean a test that is developed outside the
school context. The term is meant to connote the remote-
ness of the test from the day-to-day experiences of the stu-
dents.

A test measures what it says at the top of the page. It
is natural to assume that a name carries meaning. Thus we
expect that a test called a history test will measure a stu-
dent’s accomplishments or proficiency in history. However,
a student’s score on such a test can be determined less by
how well a student can analyze or interpret historical ma-
terials than by a host of other factors that also influence per-
formance and on which individuals can differ substantially.
Such factors include, for example, a student’s familiarity
with the testing situation, the kind of test and mode of ad-
ministration, and even what the grader of the test is look-
ing for.

A common manifestation of this p-prim is making infer-
ences from test scores that extend well beyond what can
be reasonably supported. Perhaps the most notorious ex-
ample is the overinterpretation of the results of standard-
ized intelligence tests. Performance on a particular drop-
from-the-sky intelligence test does typically indicate a capa-
bility to do productive reasoning in certain circumstances.
But there are many kinds of intelligent behavior, some of
which are predicted pretty well by scores on intelligence
tests and others that are not.® For example, people are good
chess players not because they are intelligent in a general
sense but because — through study, practice, and reflec-
tion on their performance in many, many games — they have
learned a great deal about the patterns and successful strat-
egies in the domain of chess.’

A test is a test is a test. This p-prim is a corollary of the
preceding one. Some tests that are called fourth-grade math-
ematics tests, for example, focus more on concepts, others



Excerpted from Pellegrino & Chudowsky (2003). The Foundations of Assessment.
Measurement: Interdisciplinary Research and Perspectives, 1(2), 103-148.

The Need to Rethink the Foundations of Assessment

In this paper we address educational assessments used for three broad
purposes: to assist learning (also referred to as formative assessment), to measure
individual attainment (also referred to as summative assessment), and to evaluate
programs. Every assessment, whether used in the classroom or large-scale context,
is based on a set of scientific principles and philosophical assumptions, or
foundations as they are termed here. The central problem addressed in this paper
is that most widely used assessments of school achievement are based on highly
restrictive beliefs not fully in keeping with current scientific understanding about
human cognition and learning, and how they can be measured.

Impact of Prior Theories of Learning and Measurement

Current assessment practices are the cumulative product of theories of learning
and models of measurement that were developed to fulfill the social and educational
needs of a different time. As Mislevy (1993, p. 19) has noted, “It is only a slight
exaggeration to describe the test theory that dominates educational measurement
today as the application of 20™ century statistics to 19" century psychology.”
Although the core concepts of prior theories and models are still useful for certain
purposes, they need to be augmented or supplanted to deal with newer assessment
needs.

Some aspects of current assessment systems are still linked to earlier trait
theories of learning that assumed individuals have basically fixed dispositions to
behave in certain ways across diverse situations. According to such a view, school
achievement is perceived as a set of general proficiencies (e.g., mathematics ability)
that remain relatively stable over situations and time. Current assessments are also
derived from early theories that characterize learning as a step-by-step accumulation
of facts, procedures, definitions, and other discrete bits of knowledge and skill.

Thus, assessments tend to include items of factual and procedural knowledge that
are relatively circumscribed in content and format and can be responded to in a
short amount of time. These test items are typically treated as independent, discrete
entities sampled from a larger universe of equally good questions. It is further
assumed that these independent items can be added together in various ways to
produce overall scores.

Assessment Based on Contemporary Foundations

Several decades of research in the cognitive sciences has advanced the
knowledge base about how children develop understanding, how people reason and
build structures of knowledge, which thinking processes are associated with
competent performance, and how knowledge is shaped by social context (NRC,
1999c). These findings, summarized in Part Il, suggest directions for revamping
assessment to provide better information about students’ levels of understanding,
their thinking strategies, and the nature of their misunderstandings. During this same



period, there have been significant developments in measurement methods and
theory. A wide array of statistical measurement methods are currently available to
support the kinds of inferences that cognitive research suggests are important to
assess when measuring student achievement; these are also presented in Part Il.

In this paper we describe some initial and promising attempts to capitalize on
these advances (a much more extensive presentation of examples is provided in the
full NRC report). However, these efforts have been limited in scale and have not yet
coalesced around a set of guiding principles. In addition to discerning those principles,
more research and development is needed to move the most promising ideas and
prototypes into the varied and unpredictable learning environments found in diverse
classrooms embedded within complex educational systems.

In pursuing new forms of assessment, it is important to remember that
assessment functions within a larger system of curriculum, instruction, and
assessment. Radically changing one of these elements and not the others runs the
risk of producing an incoherent system. All of the elements and how they interrelate
must be considered together. Moreover, while new forms of assessment could
address some of the limitations described above and give teachers, administrators,
and policy makers tools to help them improve schooling, it is important to
acknowledge that tests, by themselves, do not improve teaching and learning,
regardless of how effective they are at providing information about student
competencies.

Issues of fairness and equity must be also central concerns in any efforts to
develop new forms of assessment. To improve the fairness of assessment, it must
be recognized that cultural practices equip students differently to participate in the
discourse structures that are often unique to testing contexts. Itis all too easy to
conclude that some cultural groups are deficient in academic competence, when the
differences can instead be attributable to cultural differences in the ways that
students interpret the meaning, information demands, and activity of taking tests
(e.g., Steele, 1997). These sorts of differences need to be studied and taken into
account when designing and interpreting the results of assessments. If well-
designed and used, new models of assessment could not only measure student
achievement more fairly, but also promote more equitable opportunity to learn by
earlier identification of individual students’ learning needs.

The Assessment Triangle

The committee developed a framework for thinking about the foundations of
assessment, referred to as the assessment triangle, which is based on the idea of
assessment as a process of reasoning from evidence (Mislevy, 1996). The
assessment triangle is useful for analyzing current assessments or designing new
ones.

Every assessment, regardless of its purpose or the context in which it is used,
rests on three pillars: 1) a model of how students represent knowledge and develop
competence in the subject domain, 2) tasks or situations that allow one to observe
students’ performance, and 3) interpretation methods for drawing inferences from
the performance evidence thus obtained. These three foundational elements—



cognition, observation, and interpretation—influence all aspects of an assessment’s
design and use, including content, format, scoring, reporting, and use of the results.
Even though these elements are sometimes more implicit than explicit, they are still
influential. In fact, it is often the tacit nature of the foundations and the failure to
guestion basic assumptions about one or more of the three elements and their
interconnection that creates conflicts about the meaning and value of assessment
results.

The three elements, each described further below, are represented as
corners of a triangle because each is connected to and dependent on the other two
(see Figure 1). A central tenet of this report is that for an assessment to be
effective, the three elements must be in synchrony.

Observation Interpretation

Cognition

Cognition

The cognition corner of the triangle refers to a theory or set of beliefs about
how students represent knowledge and develop competence in a subject domain.
The theory should represent the most scientifically credible understanding of typical
ways in which learners represent knowledge and develop expertise in a domain.
These findings should derive from cognitive and educational research about how
people learn, as well as the experience of expert teachers. As scientific
understanding of learning evolves, the cognitive underpinnings of assessment
should change accordingly. Our use of the term “cognition” is not meant to imply
that the theory must necessarily come from a single cognitive research perspective.
As discussed later, theories of student learning and understanding can take different
forms and encompass several levels and types of knowledge representation that
include social and contextual components.



It would be unrealistic to expect that assessment design will take into account
every subtlety and complexity about learning in a domain that has been uncovered
by research. Instead, what is being proposed is that assessment design be based
on a representation or approximation of cognition that is consistent with a richer
psychological perspective, at a level of detail that is sufficient to get the job of
assessment done. Any model of learning underlying an assessment will necessarily
be a simplification of what is going on in the head of the examinee and in the social
situation within which the assessment takes place.

Observation

The observation corner of the assessment triangle represents a description or
set of specifications for assessment tasks that will elicit illuminating responses from
students. The observation model describes the stimuli presented to examinees and
the products, such as written or oral responses, or the answers students have to
choose among for multiple choice items. In assessment, one has the opportunity to
structure some small corner of the world to make observations. The assessment
designer can use this capability to maximize the value of the data collected, as seen
through the lens of the underlying beliefs about how students learn in the domain.

The tasks selected for observation should be developed with the purpose of
the assessment in mind. The same rich and demanding performance task that
provides invaluable information to a teacher about his tenth grade class—because
he knows they have been studying transmission genetics for the past six weeks—
could prove impenetrable and worthless for assessing the knowledge of the vast
majority of students across the nation.

Interpretation

Finally, every assessment is based on certain assumptions and models for
interpreting the evidence collected from observations. The interpretation corner of
the triangle encompasses all the methods and tools used to reason from fallible
observations. It expresses how the observations derived from a set of assessment
tasks constitute evidence about the knowledge and skills being assessed. It
includes the rules used for scoring or evaluating students’ responses. In the context
of large-scale assessment, the interpretation method also usually includes a
statistical model, which is a characterization or summarization of patterns one would
expect to see in the data given varying levels of student competency. In the context
of classroom assessment, the interpretation is often made less formally by the
teacher, and is usually based on an intuitive or qualitative model rather than a formal
statistical one.

Connections among the vertices

To have an effective assessment, all three vertices of the triangle must work
together in synchrony. For instance, a cognitive theory about how people develop
competence in a domain provides clues about the types of situations that will elicit
evidence about that competence. It also provides clues about the types of
interpretation methods that are appropriate for transforming the data collected about
students’ performance into assessment results. And knowing the possibilities and



limitations of various interpretation models helps in designing a set of observations
that is at once effective and efficient for the task at hand. Sophisticated
interpretation techniques used with assessment tasks based on impoverished
models of learning will produce limited information about student competence.
Likewise, assessments based on a contemporary, detailed understanding of how
students learn will not yield all the information they otherwise might if the statistical
tools used to interpret the data, or the data themselves, are not sufficient for the
task.



